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0DLQWH[W
,QWURGXFWLRQ
5RDG DFFLGHQWV DUH DQ LVVXH RI PDMRU FRQFHUQ IRU DOO FRXQWULHV LQGHSHQGHQWO\ WR WKHLU OHYHO RI
GHYHORSPHQW KLJKO\GHYHORSHGFRXQWULHVKDYHRI WKH WRWDOPRWRU YHKLFOH IOHHWEXW WKH\FRQWULEXWH
RQO\WRRIWKHJOREDOURDGDFFLGHQWGHDWKV-DFREVHWDO$QHVWLPDWHGPLOOLRQRISHRSOH
DUHNLOOHGZRUOGZLGHHDFK\HDUZKLOHDQRWKHUPLOOLRQDUHLQMXUHG:+2:+2HVWLPDWHVWKDW
URDG DFFLGHQWV ZLOO EHFRPH WKH WKLUG OHDGLQJ FDXVH RI GHDWK E\ WKH \HDU  DIWHU KHDUW GLVHDVH DQG





 5HVHDUFKRQURDGVDIHW\KDVDWWUDFWHGFRQVLGHUDEOHUHVHDUFKLQWHUHVW LQWKHSDVW WKUHHGHFDGHV0DMRU
IDFWRUV NQRZQ WR DIIHFW VDIHW\ DUH GULYHU FKDUDFWHULVWLFV YHKLFOH IHDWXUHV H[SRVXUH WR ULVN HJ WUDIILF
YROXPHVWUDIILFFRQWUROZHDWKHUFRQGLWLRQVDQGURDGZD\GHVLJQFKDUDFWHULVWLFV7RSUHGLFWWKHVDIHW\RI
WUDQVSRUWDWLRQ V\VWHPV WUDIILF HQJLQHHUV PRGHO FUDVK UDWH RU IUHTXHQF\ DV D IXQFWLRQ RI WKH DERYH
PHQWLRQHG IDFWRUV 7KHVH PHDVXUDEOH IDFWRUV GR QRW FRPSOHWHO\ H[SODLQ DFFLGHQW RFFXUUHQFH DQG VR
PRGHOV W\SLFDOO\ XVHG DUH VWRFKDVWLFPRGHOV LQFOXGLQJ D GLVWXUEDQFH HUURU WHUP'HVSLWH WKHLU IUHTXHQW
DSSOLFDWLRQ WKH DELOLW\ RI VXFK PRGHOV WR UHOLDEO\ LGHQWLI\ LPSRUWDQW DFFLGHQW SUHGLFWRUV LV RSHQ WR
TXHVWLRQ'DYLV5HJDUGOHVVRIPRGHOLQJWHFKQLTXHVDVHULRXVIDFWRURILQDFFXUDF\±LQPRVWSDVW









SHULRGV RI WLPH PRQWK RU GD\ IRU GHYHORSLQJ WKH VDPH PRGHOV RWKHUV XVHG GHGXFHG KRXUO\ WUDIILF
FKDUDFWHULVWLFVE\FRPELQLQJ$$'7DQGDGD\KRXUO\ WUDIILFSURILOH IRU WKHVLWHDQDO\]HG,YDQHWDO
1HYHUWKHOHVVHYHQKRXUO\PHDVXUHVFDQQRWFRQVLGHUWKHVKRUWWHUPYDULDWLRQRIWUDIILFIORZDQGDUH
UDWKHU QRW ZHOO VXLWHG IRU DSSOLFDWLRQ WR UHDOWLPH RSHUDWLRQV $V PRVW IUHHZD\V DUH HTXLSSHG ZLWK
FRQWLQXRXV VXUYHLOODQFH V\VWHPV GLVDJJUHJDWH WUDIILF GDWD FROOHFWLRQ LV SRVVLEOH DV ZHOO DV UHDGLO\
DYDLODEOH'LVDJJUHJDWHWUDIILFGDWDKDYHEHHQXVHGLQRQO\DOLPLWHGQXPEHURIVWXGLHV$EGHO$W\HWDO






RI UHDO WLPH WUDIILF YDULDEOHV RQ DFFLGHQW SDWWHUQLQJ LQ WHUPV RI FUDVK W\SH FRXOG SURYLGH VLJQLILFDQW
LQVLJKWLQWKHDFFLGHQWPHFKDQLVPRIRFFXUUHQFHZKLOHSURYLQJKLJKO\EHQHILFLDO WRWUDIILFDQGLQFLGHQW
PDQDJHUV3DQGHDQG$EGHO$W\XQGHUOLQHGWKHLPSRUWDQFHRIE\FUDVKW\SHDQDO\VLVSDUWLFXODUO\
ZKHQ LW FRPHV WR UHDOWLPH ULVN DVVHVVPHQW 7KH\ VXJJHVWHG WKDW WKH FRQGLWLRQV SUHFHGLQJ FUDVKHV DUH
H[SHFWHG WRGLIIHU E\ W\SHRI FUDVK DQG WKHUHIRUH DQ\ DSSURDFK WRZDUGVSURDFWLYH WUDIILFPDQDJHPHQW
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VKRXOG EH W\SHVSHFLILF LQ QDWXUH 5HDOWLPH GDWD LQWHJUDWLRQ WR DFFLGHQW VHYHULW\ DQDO\VHV RIIHUV WKH
SRVVLELOLW\ WR DVVRFLDWH DFFLGHQW DWWULEXWHV WR WKH DFWXDO WUDIILF IORZ FKDUDFWHULVWLFV DW WKH WLPH RI WKH
DFFLGHQW%DVHGRQWKHDQDO\VLVRIKLVWRULFDOGDWDW\SLFDOWUDIILFSDWWHUQVUHFRUGHGSULRUWRDFFLGHQWVPD\
WKHQ DFW DV UHDOWLPH LGHQWLILHUV $EGHO$W\ DQG 3DQGH  6XFK H[SORUDWLRQV DUH XVHIXO IRU ERWK
UHVHDUFKHUV DQG SUDFWLWLRQHUV LQ HVWLPDWLQJ DFFLGHQW DQG FRQJHVWLRQ H[WHUQDO FRVWV DQG LQ WUDQVSRUWDWLRQ







\HDUV RI GDWD IURP WKH $$ KLJKZD\ VHFWLRQ LQ WKH ,OHGH)UDQFH UHJLRQ )UDQFH :H XVH D
GLVDJJUHJDWHDSSURDFKLQZKLFKWKHXQLWVRIDQDO\VLVDUHWKHFUDVKHVWKHPVHOYHVUDWKHUWKDQDJJUHJDWLRQV













WKH9HUEDO3URFHHGLQJVRI WKH$FFLGHQWV IURPDSUHYLRXV ,15(76VWXG\ $URQDQG6HLGRZVN\
7KH%$$&ILOHVSURYLGHDZHDOWKRIXVHIXOLQIRUPDWLRQVXFKDVFUDVKW\SHIRUDOODFFLGHQWVORFDWLRQDQG
WLPHOLJKWLQJFRQGLWLRQVDQGLQIUDVWUXFWXUHFKDUDFWHULVWLFVVXFKDVURDGFXUYDWXUHDQGDOLJQPHQW'HWDLOHG
ZHDWKHU GDWD DUH DYDLODEOH RQ D PLQXWH EDVLV :H H[WUDFWHG VXFK GDWD GLUHFWO\ IURP WKH FORVHVW
PHWHRURORJLFDO VWDWLRQ DQG IRU WKH PLQXWH LQWHUYDO LQWR ZKLFK WKH UHSRUWHG WLPH RI WKH DFFLGHQW
RFFXUUHG ,Q WRWDODFFLGHQWVZHUHUHFRUGHGGXULQJ WKHSHULRGDQG:HVWDWLVWLFDOO\
FKHFNHGDQGIRXQGQRVLJQLILFDQWGLIIHUHQFHEHWZHHQWKHDQGUHJLVWUDWLRQV

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
)LJ7KH$$MXQFWLRQ
7UDIILF GDWD IORZ VSHHG RFFXSDQF\ZHUHSURYLGHG DVSDUW RI WKH VDPH ,15(76 VWXG\ $URQ DQG
6HLGRZVN\  DQG FRYHU WKHSHULRG DQGGDWD DUH UHFRUGHGRQPLQXWH LQWHUYDOV
6XFK LQWHUYDOV PD\ EH WRR ODUJH WR FDSWXUH VKRUWWHUP YDULDWLRQV KRZHYHU GDWD DYHUDJHG RQ VKRUWHU
LQWHUYDOV DUH QRW DYDLODEOH )RU HDFK PLQXWH SHULRG WKH WUDIILF GDWDEDVH SURYLGHV D VHULHV RI VSHHG
YROXPHDQGRFFXSDQF\PHDVXUHPHQWVIRUHDFKODQH7KHUHFRUGHGWUDIILFYROXPHDQGVSHHG±XVHGLQWKH
WKHVLV ± ZHUH IRU WKH VL[PLQXWH SHULRG HQGLQJ  PLQXWHV EHIRUH WKH DFFLGHQW IURP WKH FORVHVW
GRZQVWUHDP GHWHFWRU 7KLV WLPH ODJ ZDV XVHG WR DYRLG WKH LPSDFW RI WKH FUDVK LWVHOI RQ WKH WUDIILF
YDULDEOHV DQG DV D EXIIHU WR FRPSHQVDWH IRU DQ\ µLQDFFXUDFLHV¶ LQ WKH H[DFW WLPH RI WKH DFFLGHQW )RU
H[DPSOH LIDQDFFLGHQWRFFXUUHGDWK WKH WUDIILFGDWDFRQVLGHUHGZHUHREWDLQHGIURP WKH































$Q\ URDG DFFLGHQW FDQ EH UHJDUGHG DV DQ HYHQW ZKRVH RXWFRPH LV WKH W\SH RI FUDVK WKDW ILQDOO\
RFFXUUHGUHDUHQGVLGHVZLSHHWF7KHELQRPLDO3URELWPRGHORI(TXDWLRQFDQEHXVHGIRUHVWLPDWLQJ
IDFWRUV FRQWULEXWLQJ RU SUHYHQWLQJ D VSHFLILF FUDVK W\SH YHUVXV DOO RWKHU W\SHV 8QGHU WKLV DVVXPSWLRQ
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,QWKHSUHVHQWDQDO\VLVWKHURDGXVHULVWKHXQLWRIDQDO\VLVDQGQRWWKHVSHFLILFDFFLGHQW6LQFHHDFK
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6HSDUDWH ELQRPLDO 3URELW PRGHOV ZHUH DSSOLHG IRU HDFK FUDVK W\SH FRQVLGHUHG SDUDPHWHUV ȕ RI
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SYDOXH[WHVW     
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ERWKSHU ODQH DQGRYHU PLQXWHV LQ YHKLFOHV DQG URDGJUDGLHQW7KLV VXJJHVWV WKDW WKHSUREDELOLW\ RI
RFFXUUHQFHRIVXFKDVLGHVZLSHFUDVKYHUVXVDOORWKHUFUDVKW\SHVLQFUHDVHVRQµQRQIODW¶URDGVHJPHQWV
DQGIRUKLJKYROXPHVRIWUDIILF7KHRFFXUUHQFHRIUHDUHQGFUDVKHVLQYROYLQJPRUHWKDQWZRYHKLFOHVZDV
IRXQG WREHSRVLWLYHO\DVVRFLDWHGZLWKDYHUDJH WUDIILFGHQVLW\SHU ODQHRYHUPLQXWHV LQYHKNPDQG
W\SHRIGD\ZKHWKHUKROLGD\6XQGD\RUZRUNLQJGD\,QSDUWLFXODUUHDUHQGVLQYROYLQJPRUHWKDQWZR
YHKLFOHVDUHPRUHSUREDEOHWRRFFXUFRPSDUHGWRDOORWKHUFUDVKW\SHVRQ6XQGD\VDQGRQKROLGD\VDQG





DV PD[LPXP OLNHOLKRRG HVWLPDWLRQ RI WKH UDQGRP SDUDPHWHUV RUGHUHG SURELWPRGHO LV FRPSXWDWLRQDOO\
FXPEHUVRPH$QDVWDVRSRXORVDQG0DQQHULQJ+DOWRQGUDZVZHUHXVHGWRHVWLPDWHWKHSDUDPHWHUV
WKDWPD[LPL]HG WKH VLPXODWHG ORJOLNHOLKRRG IXQFWLRQ DQG QRUPDO WULDQJXODU DQG XQLIRUP GLVWULEXWLRQV
ZHUHFRQVLGHUHGIRUWKHIXQFWLRQDOIRUPRIWKHSDUDPHWHUGHQVLW\IXQFWLRQ7KHVWDQGDUGGHYLDWLRQRIWKH
SDUDPHWHUGLVWULEXWLRQZDVVLJQLILFDQWO\GLIIHUHQW IURPIRUDOOEXWWZRRIWKHYDULDEOHVLQFOXGHGLQWKH
ILQDO PRGHO DYHUDJH VSHHG LQ ORZ WUDIILF FRQGLWLRQV DQG WUDIILF YROXPH ZDV IRXQG WR KDYH IL[HG
SDUDPHWHUV DFURVV WKH SRSXODWLRQ RI URDG XVHUV 7KH QRUPDO GLVWULEXWLRQZDV IRXQG WR SURYLGH WKH EHVW
VWDWLVWLFDO ILW IRU WKHGHQVLW\ IXQFWLRQRI WKH UDQGRPSDUDPHWHUV0RGHOHVWLPDWLRQ UHVXOWVDUH VKRZQ LQ
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/RJOLNHOLKRRGZLWKFRQVWDQWRQO\//,   
/RJOLNHOLKRRGDWFRQYHUJHQFH//ȕ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





YHKLFOH RFFXSDQWV 7KH OLJKWLQJ FRQGLWLRQV ZHUH DOVR IRXQG WR EH VLJQLILFDQW LQ WKH LQMXU\ RXWFRPH
6SHFLILFDOO\GD\OLJKWFRQGLWLRQVZHUHIRXQGWRH[HUFLVHDSRVLWLYHLHGHFUHDVLQJDQGYDULDEOHLQIOXHQFH
RQ WKH VHYHULW\RXWFRPHRI URDGXVHUV LQYROYHG LQDFFLGHQWV(YHQ WKRXJKZHDWKHUFRQGLWLRQVZHUHQRW
IRXQGWRGHWHUPLQHVHYHULW\URDGVXUIDFHFRQGLWLRQVVHHPWRVLJQLILFDQWO\DIIHFWLW1RUPDOURDGVXUIDFH
FRQGLWLRQV YV ZHW VLJQLILFDQWO\ LQFUHDVH DFFLGHQW VHYHULW\ EXW WKHLU HIIHFW LV QRW WKH VDPH DFURVV




,QGHHG LW ZDV IRXQG WKDW XQGHU VHYHUH ZHDWKHU FRQGLWLRQV VXFK DV VQRZ VHYHULW\ OHYHOV LQFUHDVH IRU
µUHFHQWGULYHUOLFHQVHV¶LQH[SHULHQFHGGULYHUV,QGHHGLWZDVIRXQGWKDWXQGHUVHYHUHZHDWKHUFRQGLWLRQV
VXFK DV VQRZ VHYHULW\ OHYHOV LQFUHDVH IRU µUHFHQW GULYHU OLFHQVHV¶ LQH[SHULHQFHG GULYHUV7KLV ILQGLQJ
LPSOLHV WKDW XQGHU ILQH ZHDWKHU FRQGLWLRQV WKHUH LV QR VLJQLILFDQW HIIHFW RI WKH GULYHU¶V H[SHULHQFH RQ
VHYHULW\RXWFRPH2QWKHFRQWUDU\LQFUHDVHGH[SHULHQFHFDXVHVDVLJQLILFDQWUHGXFWLRQLQWKHSUREDELOLW\
RI VHYHUH DFFLGHQWV LQ UDLQ\ ZHDWKHU 7ZR RI WKH H[SODQDWRU\ YDULDEOHV H[DPLQHG UHIHU WR WKH W\SH RI
YHKLFOHLQZKLFKWKHURDGXVHUZDVWUDYHOOLQJDWWKHWLPHRIWKHDFFLGHQW5HVXOWVLQGLFDWHWKDWSUDFWLFDOO\
DOO ZKHHOV ULGHUV KDYH VLJQLILFDQWO\ KLJKHU SUREDELOLWLHV RI JHWWLQJ VHYHUHO\ LQMXUHG LI LQYROYHG LQ
DFFLGHQWV ,Q FRQWUDVW SUDFWLFDOO\ DOO KHDY\ YHKLFOHGULYHUV DQGSDVVHQJHUV DOO GLVWULEXWLRQ DERYH ]HUR
KDYHVLJQLILFDQWO\ORZHUSUREDELOLW\RIVXIIHULQJDVHYHUHLQMXU\ZKHQLQYROYHGLQFUDVKHV

7XUQLQJ WR WUDIILF FKDUDFWHULVWLFVPRGHO HVWLPDWLRQ UHVXOWV LQGLFDWH WKDW WKH\ KDYH IL[HG SDUDPHWHUV
DFURVVREVHUYDWLRQVDVWKHVWDQGDUGGHYLDWLRQZDVQRWIRXQGWREHVLJQLILFDQWO\GLIIHUHQWIURP]HUR7KH
QHJDWLYH VLJQRI WKH WUDIILFYROXPHFRHIILFLHQW LPSOLHV WKDW IRU ORZHU WUDIILFYROXPHV WKHSUREDELOLW\RI
PRUH VHYHUH DFFLGHQWV LV VLJQLILFDQWO\ KLJKHU 7KH ODWWHU FRPHV WR YHULI\ WKH FRPPRQ DVVXPSWLRQ WKDW
XQGHUIUHHIORZGULYHUVWHQGWRWUDYHODWKLJKHUVSHHGVDQGWKXVWKHVHYHULW\OHYHORISRWHQWLDODFFLGHQWV
LQFUHDVHV *RORE HW DO 4XGGXV HW DO  7KH 6FRWWLVK2IILFH&HQWUDO 5HVHDUFK8QLW 
,QGHHG WKH DYHUDJH VSHHG GHYHORSHG XQGHU GHQVH WUDIILF FRQGLWLRQV ! YHKLFOHVODQHKRXU ZDV
IRXQGWRKDYHDVLJQLILFDQWDQGSRVLWLYHDVVRFLDWLRQZLWKVHYHULW\DVWKHFRUUHVSRQGLQJYDULDEOHµ94¶
KDV D SRVLWLYH SDUDPHWHU FRHIILFLHQW  7KLV LPSOLHV WKDW EH\RQG D JLYHQ WUDIILF YROXPH OHYHO







RFFXUUHQFHV 7UDIILF VSHHG DQG YROXPH ZHUH IRXQG WR DOPRVW H[FOXVLYHO\ GHILQH FUDVK W\SH DQG WR
VLJQLILFDQWO\ DIIHFW WKH LQMXU\ VHYHULW\ OHYHO VXVWDLQHG E\ YHKLFOH RFFXSDQWV LQYROYHG LQ DFFLGHQWV 7KLV
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WUDIILF GDWD DYHUDJHG RYHU D PLQXWH LQWHUYDO DQG FROOHFWHG UHDOWLPH DW WKH PRPHQW RI WKH LQFLGHQW¶V
RFFXUUHQFH)URPDPHWKRGRORJLFDOVWDQGSRLQWVXFKGLVDJJUHJDWLRQPLQLPL]HVSRVVLEOHELDVDQGSURYLGHV






DQG SUDFWLWLRQHUV LQ HVWLPDWLQJ DFFLGHQW DQG FRQJHVWLRQ H[WHUQDO FRVWV DQG LQ WUDQVSRUWDWLRQ SODQQLQJ
)XUWKHU LWPD\ HQDEOH SUDFWLWLRQHUV DQG DXWKRULWLHV WR ORFDWH KD]DUGRXV VSRWV RQ WKH URDG QHWZRUNV E\
XWLOL]LQJUHDOWLPHGDWDZLGHO\DYDLODEOH2QFHDORFDWLRQLVLGHQWLILHGDVEHLQJVXVFHSWLEOHWRDJLYHQFUDVK
W\SHRFFXUUHQFH LWPD\EHIODJJHGZLWKZDUQLQJVWKURXJKYDULDEOHPHVVDJHVLJQV906)XUWKHUPRUH





XVHG LQ SURMHFW HYDOXDWLRQ DQG SODQQLQJ 6DIHW\ DVSHFWV RI FRVWV DQG EHQHILWV FDQ EH DVVHVVHG E\
FRPSDULQJWKHOHYHOVRIVDIHW\EHIRUHDQGDIWHULPSOHPHQWDWLRQRIDWUHDWPHQW*ROREDQG5HFNHU
)LQDOO\ DSURFHGXUH WKDWXVHV UHDOWLPHGDWDRQ WUDIILF IORZ VSHHGDQGRFFXSDQF\DQG WKH UHODWLRQVKLS
EHWZHHQ WKHVH YDULDEOHV DQG FUDVKW\SH RFFXUUHQFH FRXOG EH XVHG WR GHYHORS FRQJHVWLRQ PLWLJDWLRQ
VWUDWHJLHVWKDWLQFRUSRUDWHVDIHW\*DUEHUDQG6XEUDPDQ\DQ

,Q FRQFOXVLRQ WKH DWWHPSW WR IXUWKHU VWXG\ DQG GHYHORS DFFLGHQW PRGHOV DQG LQ SDUWLFXODU WKH
LQWHJUDWLRQRIUHDOWLPHGDWDFDQVLJQLILFDQWO\FRQWULEXWHWRWKHHODERUDWLRQRIDEHWWHUVWUXFWXUHGLQFLGHQW
UHVSRQVHV\VWHPZLWKSUHGLFWLYHSRZHU7KXVDFFLGHQWFRXQWVZRXOGEHGHFUHDVHGDQGWKHLUFRQVHTXHQFHV
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